The great extent of degraded soils in southeast Spain makes it necessary to carry out restoration and rehabilitation strategies. In addition, the great amount of wastes produced need to be properly managed. Several types of wastes and amendments (organic and inorganic) can be applied for soil rehabilitation and land restoration. When large areas must be restored several aspects should be considered, such as availability of the waste, its characteristics, and transport. This research focuses on the characterization and the cost of 12 waste types and amendments (such as sewage sludge compost, brown peat, black peat, fertilized peat, earthworm humus, straw hay, palm tree leaves, pine bark, exfoliated vermiculite, expanded perlite, limestone outcrops, and volcanic crushed stones) obtained from four different sources. All of them were characterized following the UNE standards for soil amendments and the cost was obtained as a mean value of four different sources. The results indicate a great variability of properties between organic and inorganic materials, as was expected. Depending on the type of restoration, the characteristics, and the cost, the materials can be selected for an adequate purpose. Sewage sludge compost is a good alternative for application in large areas related to its characteristics (organic matter content and nutrient availability) and low cost. For inorganic amendments, natural limestone outcrops were the low-cost alternative. The use of both wastes (composted sewage sludge and limestone raw materials) for soil rehabilitation can facilitate the reduction of landfill disposal and add value for these wastes. Moreover, the results are very useful for scientists and engineers who deal with the development of rehabilitation and restoration strategies.
Introduction
Several types of wastes and amendments, both organic and inorganic, can be applied for agricultural and gardening purposes. For instance, waste products such as biosolids (Gouin, 1993; Guerrero et al., 2002; Ingelmo et al., 1998; Zorpas 2018 ) and wood waste (Chen et al., 2002; Hicklenton et al., 2001 ) are frequently used in nurseries (Hernández-Apaolaza et al., 2005) . Furthermore, most of them may be used for soil rehabilitation and land restoration (Jordán et al., 2008 , Tedesco et al., 1999 Zorpas et al., 2016) . These amendments usually improve the physical, chemical, and biological properties of poor soils (Iovieno et al., 2009 ) and promote the reestablishment of processes relating to nutrient cycling, which is essential for ecosystem restoration.
The application of different sources of wastes is a common environmental practice for the restoration of degraded soils (Ros et al., 2003; Tejada and Benitez, 2014; Tejada et al., 2006; Walker, 2003; Zorpas and Inglezakis, 2009 ). For example, biosolids (Zorpas, 2018) could be used in agricultural as fertilizer and/or soil conditioner for human crops production and for animal crops production as well as for non-agricultural land application for forest crops (land restoration, forestry), land reclamation-renovation (roads, urban wetlands), reclaiming mining sites and landscaping (recreation fields and domestic use), and furthermore for energy recovery. Land application of organic wastes has long been recognized as beneficial to the soil's fertility, structure, water retention, and buffering capacity (Bot and Benites, 2005) . Moreover, when large areas should be restored, economical and The use of wastes (organic and inorganic) in land restoration in relation to their characteristics and cost logistical factors must be considered such as the availability of the waste, the transport and facilities for application.
With a rising level of prosperity in industrialized countries, an increasing number of products and services are being produced and consumed. The amounts of municipal solid waste (MSW) have been increasing for years in many countries and the urban development is reflected by the quantity waste generated. Eurostat indicated that the total waste generation in the EU-27 (European Union, 27 countries) was more than 2.62 billion tonnes during 2011 (Salhofer et al., 2008; Zorpas et al., 2015 Zorpas et al., , 2017 . Those large quantities of waste may be used at relatively low cost for rehabilitation strategies (Bradshaw, 1989; Fytili and Zabaniotou, 2008; Gregg and Smith, 2010) . However, several studies have mentioned that organic waste (such as MSW, green waste, yard waste, etc.) is used in bioenergy production (Daioglou et al., 2016; Tyagi and Lo, 2013) . On the other hand, the use of wastes for soil recovery has been centered on bioremediation and pollution (Jordán et al., 2008; Shahsavari et al., 2013) . Furthermore, the cost of the application of residues for land rehabilitation should be considered in a practical way linked to the waste characteristics and environmental considerations derived from the use of the residue. This paper follows the Waste Framework Directive (WFD) 2008/98/EC (European Union, 2008) , which indicates that certain specified waste shall cease to be waste when it has undergone a recovery (including recycling) operation and complies with specific criteria to be developed in line with certain legal conditions, in particular: the substance or object is commonly used for specific purposes; there is an existing market or demand for the substance or object; the use is lawful (substance or object fulfils the technical requirements for the specific purposes and meets the existing legislation and standards applicable to products); the use will not lead to overall adverse environmental or human health impacts. Moreover, according to article 6.1, WFD try to present the clue of European Law, which covers overall criteria for EoW (end of waste), indicating that "waste ceases to be waste when it has undergone a recovery, including recycling, operation and compliance with specific criteria" to be settled in accordance with the following conditions: (i) the material or item fulfils the technical requirements for the exact purposes and meets the existing regulation and standards applicable to products; (ii) the material is usually used for explicit purposes; (iii) the use of the material will not produce any negative impacts such as environmental and/or human health; and (iv) a market exists for those or item (Zorpas, 2016) . EWC (end of waste criteria) are all the "requirements that have to be content by a material derived from waste to confirm that the quality of the material is such that its use is not detrimental for human health or the environment" (JRC, 2008 (JRC, , 2009 (JRC, , 2010 . Regardless of the designated management system, EWC are considered to be used as a tool to help develop and mature recycling by defining when a waste ceases to be a waste (Zorpas, 2016) . Composting, for example, is a well-known method used for organic and biodegradable wastes (Zorpas, 2008 (Zorpas, , 2012 . Nevertheless, composts should cease to be waste only if they are placed on the market for a purpose for which acceptable criteria on the use of compost apply. Compost EWC offer economic and more specific environmental benefits, as final compost product with high and consistent value (in the framework of quality, according to specific physicochemical parameters, such as C/N, P, organic matter, etc.) will expand and enable its use. For that purpose, the European Commission has asked the Joint Research Centre (JRC) to work out a proposal for digestate and compost EWC (JRC, 2008; Zorpas, 2016) .
In this work, the characteristics and cost of 12 wastes and amendments were compared in order to determine the best practice about soil rehabilitation (physical, chemical, and biological properties) or forming part of green infrastructures (i.e. filters for storm water catchments).
Materials and methods
This work considered two main factors: the characteristics of the wastes, which were analyzed by normalized methods, and their cost. The wastes and amendments came from four different sources for each waste, from different suppliers and facilitators of Southeast Spain: Aspe wastewater treatment plant (sewage sludge compost (SSC)), gardening companies (brown peat (BrP), black peat (BlP), fertilized peat (FeP), composted earthworm humus (CEH), straw hay (STH), pine bark crushed (PBa), exfoliated vermiculite (ExV), expanded perlite (ExP), volcanic crushed stones (VCS)), Elche municipal gardening services (palm tree leaves crushed (PTC)), and Hondón de las Nieves limestone quarries (limestone outcrops (LOC)).
The physicochemical properties such as density (particle density), Kjeldahl nitrogen, pH, electrical conductivity (salinity), soluble cations (Na, K, Ca, Mg), and organic matter, which was determined by loss on ignition (LOI) at 400°C (Schulte and Hopkins, 1996) , were studied for each of the 12 materials. For each amendment, five replicates of individual samples for analytical measurements were analyzed.
All of them were characterized following the UNE standards for soil amendments (UNE EN 13037:2012; UNE EN 13038:2012; UNE EN 13040:2008; UNE EN 13041:2012; UNE EN 13652:2002; UNE EN 13654-1:2002) .
The cost is not easy to evaluate because it depends on several factors: location of the waste, transport, pretreatments before application, accessibility to the restoration area, among others (i.e. region or country). To determine the cost, we established some limits for a simplification of the calculation and to facilitate the comparison. The limits assumed were: (i) the availability of these residues were determined around a central point selected in the province of Alicante where the restoration would be applied, situated in the South East of Spain; (ii) the cost of the transport was equal for all of them in a 50 km radius from this point (volume was considered as a key factor for transport); (iii) the wastes were ready to be used and no pretreatment is needed before the application; (iv) finally, the cost of the surface application of the wastes on the soil to be restored was also the same (machinery, workers). Regarding the above, the cost was estimated having in mind the mean price of the wastes. The price was determined for each residue considering as a minimum of four different sources for each waste from different suppliers and facilitators. The price is represented for a volume of the waste, a key factor for the transport. Descriptive statistics (mean and standard deviation) and analysis of variance F test were used to compare the means among all of them (F), among the organic materials (F org ) and the inorganic ones (F inorg ) for α = 0.05 (Borovkov, 1988) .
Results and discussion
Tables 1 and 2 present the characterization of the amendments that were used. It was apparent that, as expected, within the organic and inorganic amendments, the properties exhibit great variability. Table 1 shows that the high LOI in all of the organic wastes, compared to the inorganic materials, is the main characteristic that can be used to separate the residues into two groups, with different functions expected regarding soil restoration or their use for green infrastructure. The highest LOI was measured for the organic residue PBa (962.1 g kg −1 dw) and the lowest ones were for the inorganic materials, especially ExP. Moreover, nitrogen was observed to be higher in SSC than in any other amendment studied, whether organic or inorganic wastes. This is important to take into account because the addition of organic wastes and the use of inorganic residues for soil rehabilitation and quarry restoration can affect or control the nitrogen leaching into the nitrate vulnerable zone for waters (Jordán et al., 2006; Santibánez et al., 2007; Vinten et al., 1998) .
The organic amendments, SSC, BrP, BlP, FeP, CEH, STH, PTC, and PBa, exhibit differences in terms of nutrient content (Tables 1 and 2) , especially between those treated or composted and the others (STH, palm tree leaves, and pine bark). For instance, nitrogen in SSC was six times higher than the content of this element in STH and almost 15 times higher than PBa. However, soluble potassium was extracted in the highest amounts in STH and PTC (Table 2) , the same behavior is observed for sodium and calcium, besides content of these nutrients in SSC are also high, compared with the other organic materials. For the group of organic wastes, SSC presented the highest salinity (electrical conductivity) and FeP the lowest one. STH exhibits the lowest density, and PBa and CEH the highest. Though organic wastes contain nutrients and can improve or ameliorate soils, there is widespread concern among growers in arid or semiarid regions about their salt content (Reddy and Crohn, 2012) , which can make the restoration of the vegetation cover and soil rehabilitation difficult (Pérez-Gimeno et al. 2016) .
In the group of inorganic amendments (LOC, VCS, ExV, ExP), all of them gave similar results with the exception of the density (particle density). The highest value of this parameter was obtained for LOC (2.61 g cm −1 ). This density may be of interest when applying this material on surfaces in relation to the wind erosion on the terrain. The weight of the LOC makes the action of the wind more difficult over the surface. In addition, although LOI is much higher in organic materials, ExV and LOC exhibit results slightly higher than ExP and VCS. As is shown in Table 2 , soluble sodium content in ExP (150.6 mg kg −1 dw) is near to SSC (162.9 mg kg −1 dw), but it is high if it is compared with the other inorganic wastes. Potassium, calcium, and magnesium were lower than in most of the organics amendments.
pH is also an important parameter to consider. While in organic wastes it is near 7 or even lower, in inorganic ones it tends to indicate basic nature. That is important since it may modify soil pH, affecting the availability of nutrients to plants or the content of potentially toxics elements in soils. Table 3 shows the mean cost for the wastes obtained in this work. Two organic residues (SSC and PTC) and an inorganic one (LOC) gave the lowest price per liter. The price of the PTC considered the shredding of palm tree leaves, because this residue has zero cost in origin. All of these wastes are the result of processes where the objective is centered in wastewater depuration, palm tree gardening and production of gravel, respectively. Environmental and management problems can be caused by the production of great volumes of these residues in origin. So that, it is better to facilitate their use and availability in order to reduce costs.
The costs reveal that SSC and PTC are good alternatives among organic wastes as LOC for the case of inorganic residues. SSC may be a good alternative for application in large areas related to its properties (input of nitrogen and organic matter content) and availability at low cost.
The use of compost as a soil conditioner is an excellent alternative for the restoration and rehabilitation of soils and recycling these wastes in an environmental beneficial manner (Hartley et al., 2010; Veeresh et al., 2003; Wong and Ho, 1994) . However, it is important to take into account its characteristics and the possible environmental pollution associated with this residue (Eldridge et al., 2009; Navarro-Pedreño et al., 2004) . For example, in the case of SSC, the presence of heavy metals and salinity may be considered before the application of this waste (Pérez-Gimeno et al., 2016) . Moreover, there are several scientific research's indicated that the application of compost could increase leaching and metals mobility in soils (Hartley et al. 2010) . Natural LOC is a low cost alternative. This mineral raw is composed mainly of calcium carbonate (more than 90%), obtained exclusively by crushing or grinding natural calcareous rock, and it is a waste from quarries and mine ores. Compared with SSC, this waste is composed of grains of different size and its behavior is close to that of an inert material.
For general purposes, the use of organic amendments in soil rehabilitation and restoration has the main objective of adding and increasing the organic matter and favoring the availability of nutrients for plants (Lag-Brotons et al., 2015) . Moreover, the organic amendments influence the structure and physical soil properties, as many works have demonstrated (e.g. AlmendroCandel et al., 2014; Pepper et al., 2012) .
The use of inorganic and inert materials is a common way to change the texture or structure of soils, change the pH (Zornoza et al., 2013) , and consequently improve the nutrient availability (i.e. in acid soils). Moreover, this material helps plants to maintain the root system anchored to the soil, which is also supported by the report coming out from the DG Environment of the European Commission (BRGM, 2001 ): "waste rock may have no market at the moment occurs. If a market will emerge later, the rock stored temporarily can be sold as aggregate when environmental specifications are met." The use of this type of residues will follow the line of land rehabilitation when no risk of environmental pollution, especially water pollution, will occur.
Both types of residues, organic and inorganic, can be used depending on the physical and chemical requirements in land restoration. In this sense, this is a critical point. However, the 
Conclusions
The use of wastes for land restoration and soil rehabilitation may be based on the sustainable support of plant growth and created a consistent media. The use of wastes in restoration is a recovery operation of the residues and a best alternative than their landfill disposal, following the EU criteria. In general, taking these considerations into account, the characteristics of the wastes analyzed are suitable for land restoration. However, if large areas should be restored, the cost (market value) may be considered. Considering both, characteristics and cost, the use of SSC and palm tree residues as organic amendments is a good alternative when organic matter is needed. Composted sewage sludge seems a better choice when nutrients such as nitrogen are required. For the use of a close inert material, limestone outcrop crushed can be a good alternative, when low cost is the key factor for the application and inorganic matter is needed. However, it should be taken into account the local and regional facilities, the availability of the wastes to favor the use of the closest wastes giving new life and new use for them.
